Introduction
============

Obesity refers to not only the gaining of weight, but accumulation of adipose tissue in body that poses a significant health problem. Adipocyte hypertrophy stimulates lipogenesis, increasing the overall storage of lipids within adipocytes and resulting in increased mass of adipose tissues \[[@B1]\]. Adipocyte hyperplasia due to preadipocyte proliferation and differentiation also contributes to adipose mass expansion \[[@B2]\]. Angiogenesis leads to cell division and division of extracellular matrix (ECM) by releasing proteases. The endothelial cells then move and combine with each other, forming new vessels which connect with existing capillaries and accelerating formation and growth of new adipose tissues \[[@B3]\]. Matrix metalloproteinases (MMPs) are one of the proteases which breaks down ECM during angiogenesis \[[@B4]\]. Preadipocyte treatment with MMP inhibitors, markedly decreased adipocyte differentiation \[[@B4]\].

Resveratrol possesses numerous health benefits such as anti-inflammatory functions \[[@B5]\], antioxidant \[[@B6]\], restriction of platelet aggression \[[@B7]\], decrease in cholesterol level, and prolonged life \[[@B8]\]. It also induces oxidation of fatty acids and restricts lipiogenesis \[[@B9]\], while stimulating lipolysis \[[@B10]\]. Animal experiment has shown that adding resveratrol to a high calorie diet reduced the rate of weight gain, as compared to a high calorie diet only \[[@B11]\].

Wine has generally been known as a good source of resveratrol, and it contains between 0.2 and 5.8 mg/L, depending on the grape variety and extraction method \[[@B12]\]. Peanuts are also a good source of natural resveratrol, and the resveratrol is found to be higher in peanut sprouts than in peanuts \[[@B13]\]. Peanuts contain 1.18-1.52 µg/g of resveratrol, while peanut sprouts contain resveratrol ranging 12.0-47.1 µg/g, depending on the germination period and geographic origin \[[@B13]\]. Wang et al. \[[@B13]\] reported that resveratrol content in peanut sprouts significantly increased from 4.5 µg/g at 0 day of germination, to 25.7 µg/g at 9 days of germination. In addition to increased resveratrol contents, total crude protein and amino acids of peanut sprouts also increased during germination, while total crude fat contents of peanut sprouts decreased. However, the levels of some unsaturated fatty acids in peanut sprouts, such as oleic and linoleic acid, were found to be high, compared with peanut \[[@B14]\].

Studies related with peanut sprouts mostly focused on the nutritional analysis, antioxidant activity or toxicity of peanut sprouts \[[@B13]-[@B16]\], and research on the effects of peanut sprouts extracts on adipocytes proliferation and differentiation have not been conducted. The result of previous studies regarding resveratrol and anti-obesity effect leads to the hypothesis that peanut sprout, which is good source of resveratrol, may also effective in suppressing adipocyte differentiation and proliferation. Taken together, we expect that peanut sprout may has a potential food in the treatment or prevention of obesity as they may act as a regulator of lipid metabolism in fat tissues. Thus this research tried to find the effects of peanut sprout ethanol extract (PSEE) on the proliferation and differentiation of adipocytes, and the activity of MMPs.

Materials and Methods
=====================

Materials
---------

The peanut sprout ethanol extract (PSEE) used in the experiment, which contained 5.55 mg/mL of resveratrol, was manufactured and distributed by Chonnam National University, Korea.

The PSEE was dissolved in dimethyl sulphoxide (DMSO) (Sigma, St. Louis, MO, USA) to make a 40 mmol/L stock. This stock solution was stored in -20℃ and diluted in Dulbecco\'s modified Eagle\'s medium (DMEM) (WelGENE, Daegu, Korea) for each experiment. All other reagents, unless otherwise indicated, were purchased from Sigma (Sigma, St. Louis, MO, USA).

Cell culture
------------

A mouse fibroblast 3T3-L1 preadipocyte were purchased from the American Type Culture Collection (Rockville, MD, USA). The cells were cultured into a regular medium (RM) containing Dulbecco\'s modified Eagle\'s medium (DMEM) (WelGENE, Daegu, Korea), 10% bovine serum albumin (BSA) (WelGENE, Daegu, Korea), 100 units/mL penicillin, and 100 µg/mL streptomycin (WelGENE, Daegu, Korea), at 37℃ in 5% CO~2~ incubator \[[@B17]\]. The media was exchanged every 2 days until it became post-confluent. When the cell was 70-80% confluent, it was rinsed twice with phosphate buffered saline (PBS). The cell was separated with trypsin-EDTA (WelGENE, Daegu, Korea), and then sub-incubated with the medium.

Induction of preadipocyte differentiation
-----------------------------------------

To differentiate 3T3-L1 preadipocytes to adipocytes, cells were incubated with differentiation medium containing 10% fetal bovine serum (FBS, WelGENE, Daegu, Korea), 0.5 mmol/L isobuthylmethylxanthine (IBMX), 10 µg/mL insulin, 1 µmol/L dexamethasone (Dex), 100 units/mL penicillin, and 100 µg/mL streptomycin for 48 h \[[@B18]\]. Two days after differentiation, adipocytes were incubated with post differentiation media (PM), which consisted of DMEM containing 10% FBS, 10 µg/mL insulin, 100 units/mL penicillin, and 100 µg/mL streptomycin.

Adipocyte proliferation
-----------------------

To find the effects of PSEE on adipocyte proliferation, an MTT assay was conducted \[[@B19]\]. 3T3-L1 preadipocytes were plated in 24 well plates (1.5 × 10^4^ cells/mL). After 2 days, cells were treated with 0, 10, 20, or 40 µg/mL (0, 40, 80, or 160 µmol/L of resveratrol) of PSEE for 48 h at 37℃. MTT \[1 mg/mL 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide\] assay was conducted at 0, 2, 4, or 6 days. The plate treated with MTT was then incubated 3 h at 37℃, 5% CO~2~ incubator. After incubation, the MTT solution was removed, and 0.5 mL isopropyl alcohol was added; and then the plates were read at 490 nm using spectrophotometer (Tecan Austria GmbH, USA). The experiment was conducted 3 times independently, and the cell viability was expressed as percentage over control.

Oil-Red O staining
------------------

The intercellular lipid accumulation within adipocytes was determined by Oil-Red O solution \[[@B20]\]. The cells were incubated in differentiation medium containing various concentrations of PSEE for 6 days of incubation. After incubation, cells which were treated with PSEE were rinsed twice with 100 µL PBS and fixed with 50 µL Oil-Red O solution for 15 min at room temperature. Excess Oil-Red O dye was washed with distilled water, and 50 µL of dye extraction solution for the stained oil droplets in cells was added to each well, shaken 30 min at room temperature, and the absorbance was measured at 520 nm using a spectrophotometer (Tecan Austria GmbH, USA). The difference in absorbance between samples with and without dye solution was calculated.

Intracellular triglyceride concentration
----------------------------------------

A triglyceride assay kit (Wako chemicals GmbH, Neuss, Germany) was used for determining triglyceride concentration within cells \[[@B21]\]. After cells were treated with PSEE, the medium was replaced with lysis buffer (137 mmol/L NaCl, 20 mmol/L Tris-Cl, 1% triton X-100, 10% glycerol, 1 mmol/L sodium orthovanadate, 1 mmol/L PMSF, 20 µg/mL aprotinin, 10 µg/mL antipain, 10 µg/mL leupeptin, and 80 µg/mL benzamidine HCl) to lysis the cell. The cell lysate was homogenized by supersonic waves on ice, and centrifuged at 4℃ and 12,800 rpm. Then chloroform was added into cell lysate and once again centrifuged at 4℃ and 12,800 rpm for 5 min. Chloroform layer was carefully collected and dried. The pallet was melted with 1% Triton X-100, added with color reagent 300 µL, and then incubated for 5 min at 37℃ in a 5% CO~2~ incubator. The incubation absorbance was the measured with spectrophotometer (Tecan Austria GmbH, USA) at 600 nm.

Glycerol-3-phosphate dehydrogenase (GPDH) activity
--------------------------------------------------

GPDH activity was measured using commercial GPDH assay kit (Takara Bio Inc. Otsu, Shiga, Japan) \[[@B22]\]. The cells incubated with post differentiation medium containing PSEE for 2 days were washed twice with PBS and dissolved in enzyme extraction solution. Then the cell lysate was mixed well, and the change of absorbance was measured every minute for 10 min in spectrophotometer (Tecan Austria GmbH, USA) at 340 nm, 30℃. The GPDH activity was expressed as the amount of enzyme needed for 1 µmol/L of substrate per min at 30℃, then converted to mg protein/mL. The amount of protein was calculated with a Bio-Rad protein assay kit (BioRad, Richmond, CA, USA).

mRNA expression of transcription factors
----------------------------------------

After 3 days of incubations of the cells treated PSEE with post differentiation medium, C/EBP β and C/EBP α mRNA expressions were investigated \[[@B23]-[@B27]\]. Total RNA was isolated using TRI-reagent, and cDNA was synthesized using 3 µg of total RNA with SuperScript II reverse transcriptase. Sybr green Master Mix (AB, Applied Biosystems, CA, USA), primers for C/EBP β (upstream primer, 5\'-TTACAACAGGCCAGGTTTCC-3\'; downstream primer, 5\'-GGCTGGCGACATACAGTACA-3\') or C/EBP α (upstream primer, 5\'-GTTTCGGGACTTGATGCAATC-3\'; downstream primer, 5\'-AACAACCCCGCAGGAACAT-3\'), and nuclease-free water were added into 1 µg of cDNA, to fix the final volume of 20 µL. Real Time PCR (AB, Applied Biosystems, CA, USA) was annealed at 95℃ with gradual increase of 0.3℃ per s with 40 cycles: 95℃ for 10 min, at the first stage: 95℃ for 5 s, and 60℃ for 1 min at the second stage,: 95℃ for 15 s, and 60℃ for 1 min at the third stage; and finally reaching 95℃. The mRNA expression of each group was normalized using β-actin as internal control and analyzed with RQ value.

Matrix metalloproteinases (MMPs) activity
-----------------------------------------

After treating the cells with PSEE; the media were collected and centrifuged for 10 min at 3,000 rpm. The supernatant was separated by polyacryamide gel ectrophoresis containing 1% gelatin. It was shaken 2 times for 30 min in the gel renaturing buffer (Triton X-100 2.5% in water) (v/v); and shaken again for 30 min in a developing buffer (0.5 mmol/L Tris, Tris-HCl, NaCl, CaCl~2~, Brij) \[[@B28]\]. The cell lysate was dyed with 0.25% commassie blue for 30 min and then destained by shaking destain solution (methanol: acetic acid: distilled water, 50:10:40) (v/v) for 10 min. After washing the cells with distilled water, the dyed bands of the activated parts were scanned.

Statistical analysis
--------------------

The experiments of this research were conducted 3 times independently, and the results were analyzed with an SAS Program. The value was expressed with the mean and standard error. The treatment differences were determined by ANOVA analysis, and Duncan\'s multiple range test was run at α = 0.05 to check for significance.

Results
=======

Effects of PSEE on adipocyte proliferation
------------------------------------------

Within 2 days of treatments, no significant effect on cell proliferation was seen ([Fig. 1](#F1){ref-type="fig"}). However, after 4 days of treatment, PSEE treatment of 40 µg/mL inhibited the proliferation of 3T3-L1 cells compared to the control (no PSEE treatment) (*P* \< 0.05). At 6 days after PSEE treatment, cell proliferation significantly decreased by 79.6% at 20 µg/mL of PSEE (*P* \< 0.05) and 59.7% at 40 µg/mL of PSEE (*P* \< 0.05) compared to the control.

Effects of PSEE on adipocyte differentiation
--------------------------------------------

### Oil-Red O staining

When the lipid accumulation during adipocyte differentiation was measured using Oil-Red O staining, the staining level was significantly attenuated with various PSEE treatment after 4 days of incubation ([Fig. 2](#F2){ref-type="fig"}). In days 4, lipid accumulation in 3T3-L1 cells was significantly inhibited by 96.5% at PSEE treatments of 20 µg/mL (*P* \< 0.05), and 93.7% at PSEE treatments of 40 µg/mL (*P* \< 0.05), respectively, compared to the control. In days 6, only significant difference between PSEE treatment of 40 µg/mL and the control was shown (*P* \< 0.05).

### Intracellular triglyceride concentration

When 3T3-L1 cells were treated with PSEE at 10, 20, or 40 µg/mL, there was significant difference in TG concentration only between 40 µg/mL of PSEE treatment and the control (*P* \< 0.05) ([Fig. 3](#F3){ref-type="fig"}).

### Glycerol-3-phosphate dehydrogenase (GPDH) activity

PSEE treatment of 40 µg/mL in 3T3-L1 cells showed the highest inhibition of GPDH activity ([Fig. 4](#F4){ref-type="fig"}). GPDH activity were decreased by 98.9%, 76.8% (*P* \< 0.05), and 62.7% (*P* \< 0.05) according to PSEE treatments with 10, 20, and 40 µg/mL, respectively, compared to the control.

Effect of PSEE on mRNA expression of transcription factors
----------------------------------------------------------

The mRNA expressions of C/EBPβ in 3T3-L1 cells treated with PSEE were significantly low compared with the control (*P* \< 0.05) ([Fig. 5](#F5){ref-type="fig"}). Meanwhile, the mRNA expressions of C/EBPα did not differ between the control and 10, 20, or 40 µg/mL of PSEE treatments.

The effects of PSEE on MMP activity
-----------------------------------

Compared to the control, MMP-2 activity significantly decreased to 71% at 20 µg/mL of PSEE (*P* \< 0.05) and 69% at 40 µg/mL of PSEE (*P* \< 0.05) ([Fig. 6A](#F6){ref-type="fig"}). The activity of MMP-9 decreased to 91%, 75%, and 58% by the increased concentration of PSEE at 10, 20, or 40 µg/mL, with significant difference (*P* \< 0.05) ([Fig. 6B](#F6){ref-type="fig"}).

Discussion
==========

Resveratrol is known to restrict adipocyte differentiation and proliferation, and various studies are being held on the effects of resveratrol on controlling the body fat \[[@B8]-[@B11]\]. Recently, the Rural Development Administration (RDA) of Korea reported that the germination of peanuts increased the amount of resveratrol more than 90 times as the amount of resveratrol in peanuts \[[@B29]\]. Shin\'s study found that various sprouted vegetables extracted with ethanol restricted differentiation of 3T3-L1 preadipocytes \[[@B30]\]. As such, the purpose of this study was to find the physiological effects of peanut sprout on adipocytes.

To find the suppressive effects of PSEE on adipocyte differentiation, Oil-Red O staining, GPDH activity, and TG accumulation were determined. The Oil-Red O solution used in the experiment only dyes TGs and cholesterol ester, and by treating it with peanut sprout, there was a dose-dependent decrease of adipocyte differentiation, suggesting that peanut sprouts cause a greater reduction of lipid accumulation.This study also showed that peanut sprout ethanol extract (PSEE) inhibited GPDH activity in a does independent manner. Since GPDH is a key enzyme of fatty acid and triacylglycerol synthesis in adipocytes, which increases during differentiation of preadipocytes into adipocytes \[[@B31]\], this study suggest that peanut sprouts cause a greater reduction of lipid accumulation in mature adipocytes by inhibiting GDPH activity.

Rayalam et al. \[[@B32]\] found that after differentiating 3T3-L1 adipocyte into mature adipocytes and treating it with a resveratrol concentration of 0, 12.5, 25, or 50 µmol/L, there was a significant decrease in cell proliferation at 25 and 50 µmol/L, which is a similar result as our study. Zhang et al. \[[@B33]\] reported that the resveratrol content of resveratrol-amplified grape skin extracts was higher in the 80% ethanol extract (3.06 mg/g) than 50% ethanol extract (2.57 mg/g), and adipocytes treated with the 80% ethanol extracts showed reduced adipocyte proliferation and differentiation compared with the differentiated media cells.

We also previously reported that after six days of 10, 20, and 40 µmol/L resveratrol treatment, lipid accumulation and GPDH activity in adipocyte was significantly inhibited as a dose-dependent response (*P* \< 0.05) \[[@B34]\]. Park et al. \[[@B35]\]\'s findings were also consistent with our study in showing that resveratrol treatment of 3T3-L1 adipocytes had a significant apoptosis and inhibition of GPDH activity.

Angiogenesis forms new vessels which connect with existing capillaries, accelerating the formation and growth of adipocytes \[[@B36]\]. By restricting MMP activity, the supply of oxygen and nutrients to adipose tissues are decreased, ultimately restricting adipocyte proliferation and differentiation. Thus, MMPs may serve as a valuable indicator of obesity restriction. Alexander \[[@B37]\] found that while 3T3-L1 preadipocytes differentiate, MMP-2 and MMP-9 are produced and released. This study, by treating peanut sprout ethanol extract with adipocytes, showed that there was a significant decrease in MMP-9 and MMP-2 activity, with MMP-9 activity being more significantly affected than MMP-2, resulting in a suppression of differentiation of adipocytes. Our previous *in vitro* study of resveratrol also showed that the activity of MMP-2 was decreased significantly by 84%, 70%, and 63% while MMP-9 activity was decreased significantly by 74%, 62%, and 39% with the increased resveratrol concentrations of 10, 20, and 40 µmol/L, respectively \[[@B34]\]. A in vivo study suggested that the elevated levels of MMP-9 were significantly attenuated in the resveratrol-treated mice treated with resveratrol for 7 days (50 mg/kg, gavage) as compared to the control mice \[[@B38]\]. A limitation of our study is that no positive control to demonstrate the responsiveness of *in vitro* preparations was involved in this study. Another limitation of this study is that another physiological components of peanut sprout ethanol extract (PSEE) except resveratrol were not determined. Therefore, further studies regarding other component of peanut sprouts and adipocyte proliferation and differentiation are needed.

In conclusion, this study suggests that the peanut sprouts have anti-obesity effects by inhibiting adipocyte proliferation and differentiation, by decreasing MMP-2 and MMP-9, which are important key regulator of adipocyte differentiation. The findings of the present study gives suggestive evidence for the possible usefulness of peanut sprout in the prevention and management of obesity.
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![**Effect of PSEE on cell growth in 3T3-L1 cells.** 3T3-L1 cells were plated at a density of 1.5 × 104 cells/mL in 24 well plate with DMEM, supplemented with 10% FBS, 10 µg/mL insulin, 1 µmol/L Dex, and 0.5 mmol/L IBMX for 2 days. After differentiation induction, the monolayer was incubated in post-differentiation medium with 0, 10, 20, or 40 µg/mL PSEE. Viable cell numbers were estimated by the MTT assay. Each bar represents the mean ± SE. Comparison among different concentrations of PSEE that yielded significant differences (*P* \< 0.05) are indicated by different letters above each bar.](nrp-7-160-g001){#F1}

![**Effect of PSEE on quantification of lipid content in 3T3-L1 cells.** 3T3-L1 cells were plated at a density of 1.5 × 104 cells/mL in 24 well plate with DMEM supplemented with 10% FBS, 10 µg/mL insulin, 1 µmol/L Dex, and 0.5 mmol/L IBMX for 2 days. After differentiation induction, the monolayer was incubated in post-differentiation medium with 0, 10, 20, or 40 µg/mL PSEE. Lipid accumulation was estimated by the Oil-Red O staining. Each bar represents the mean ± SE. Comparison among different concentrations of PSEE that yielded significant differences (*P* \< 0.05) are indicated by different letters above each bar.](nrp-7-160-g002){#F2}

![**Effect of PSEE on triglyceride in 3T3-L1 cells.** 3T3-L1 cells were plated at a density of 1.5 × 104 cells/mL in 24 well plate with DMEM supplemented with 10% FBS, 10 µg/mL insulin, 1 µmol/L Dex, and 0.5 mmol/L IBMX for 2 days. After differentiation induction, the monolayer was incubated in post-differentiation medium with 0, 10, 20, or 40 µg/mL PSEE. Triglyceride accumulation was estimated by the commercial triglyceride assay kit. Each bar represents the mean ± SE. Comparison among different concentrations of PSEE that yielded significant differences (*P* \< 0.05) are indicated by different letters above each bar.](nrp-7-160-g003){#F3}

![**Effect of PSEE on GPDH activity in 3T3-L1 cells.** 3T3-L1 cells were plated at a density of 1.5 × 104 cells/mL in 24 well plate with DMEM supplemented with 10% FBS, 10 µg/mL insulin, 1 µmol/L Dex, and 0.5 mmol/L IBMX for 2 days. After differentiation induction, the monolayer was incubated in post-differentiation medium with 0, 10, 20, or 40 µg/mL PSEE. GPDH activity were estimated by commercial GPDH activity assay kit. Each bar represents the mean ± SE. Comparison among different concentrations of PSEE that yielded significant differences (*P* \< 0.05) are indicated by different letters above each bar.](nrp-7-160-g004){#F4}

![**Effect of PSEE on mRNA expression of transcription factors in 3T3-L1 cells.** 3T3-L1 cells were plated at a density of 1.5 × 104 cells/mL in 24 well plate with DMEM supplemented with 10% FBS, 10 µg/mL insulin, 1 µmol/L Dex, and 0.5 mmol/L IBMX for 2 days. After differentiation induction, the monolayer was incubated in post-differentiation medium with 0, 10, 20, or 40 µg/mL PSEE. Chemiluminescent detection and quantitative analysis of western blots were performed for three independent experiments. The protein expression of C/EBP β (left) and C/EBP α (right) are shown above. Each bar represents the mean ± SE. Comparison among different concentrations of PSEE that yielded significant differences (*P* \< 0.05) are indicated by different letters above each bar.](nrp-7-160-g005){#F5}

![**Effect of PSEE on MMPs activity in 3T3-L1 cells.** 3T3-L1 cells were plated at a density of 1.5 × 104 cells/mL in 24 well plate with DMEM supplemented with 10% FBS, 10 µg/mL insulin, 1 µmol/L Dex, and 0.5 mmol/L IBMX for 2 days. After differentiation induction, the monolayer was incubated in post-differentiation medium with 0, 10, 20, or 40 µg/mL PSEE. Medium were collected and concentrated for zymography. Above photograph of MMPs bands, which were representative of three independent experiments, are shown. Under bars were quantitative analyses of zymography. Each bar represents the mean ± SE. Comparison among different concentrations of PSEE that yielded significant differences (*P* \< 0.05) are indicated by different letters above each bar.](nrp-7-160-g006){#F6}
